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In patients with suspected heart disease, assessment of car-
diac function is mandatory and challenging. Because the
prime function of the heart is to deliver oxygenated blood
to meet the metabolic demands of the tissues, the evaluation
of changes of cardiac output attracted the attention of earlier
investigators. However, it was soon realized that the inter-
relations of heart rate, contractility, preload and afterload
had major influences on cardiac performance (1-3). Cardiac
output may be normal when contractility is abnormally low
if there is sufficient reduction in afterload or if preload is
increased. Likewise, a low cardiac output does not preclude
normal contractility if afterload is increased or preload re-
duced. Furthermore, the myocardial response is not always
predictable when there are combinations of pressure and
volume overloading. So it is well to remind ourselves that
invasive measurement of cardiac function is not ideal.
Nevertheless it serves as the standard with which nonin-
vasive techniques must be compared.
Problems in Hemodynamic Measurement
The importance of accounting for the effects singly and
in combination of cardiac output, preload and afterload in
the clinical setting is obvious. Will a patient with congestive
cardiomyopathy benefit more from afterload reduction or
inotropic stimulation? How do patients who have had sur-
gery for tetralogy of Fallot with severe right ventricular
outflow obstruction including a "small" pulmonary valve
ring respond to residual lesions after operation? Do they
tolerate the marked increase in preload that accompanies
gross pulmonary valve insufficiency or would the right ven-
tricle better tolerate residual outflow obstruction? What is
"normal" right ventricular function after atrial repair of
transposition of the great vessels when right ventricular af-
terload is many times greater than that of the nontransposed
right ventricle?
However, examination of published clinical research in
congenital heart disease confirms the difficulties encoun-
tered in assessing cardiac performance in patients. The in-
terchange of letters from a recent publication (4,5) was
stimulated by a report on left and right ventricular adaptation
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to right ventricular overload before and after surgical treat-
ment of tetralogy of Fallot (6). A reduced preoperative left
ventricular ejection fraction in patients with tetralogy of
Fallot was interpreted as indicative of impaired myocardial
function (4). However, the objection was made that the flow
from right to left through the ventricular septal defect results
in reduced pulmonary blood flow and, therefore, a decrease
in left ventricular preload. This would result in a reduced
ejection fraction. Also with the right to left shunt, a net
increase in ventricular afterload would be predicted, thereby
reducing ejection fraction. Because preload and afterload
changes could reduce ejection fraction, it could not be con-
cluded that the observed reduction in ejection fraction is
due to an abnormal contractile state.
The authors replied (5) that it is speculative to state that
reduced pulmonary flow results in a decrease in left ven-
tricular preload, which would result in a reduced ejection
fraction. In patients who have not been surgically treated
for tetralogy of Fallot, end-diastolic pressures are normal,
not low, and it can be expected that the left ventricle has
adapted its size to the chronically reduced pulmonary flow.
Furthermore, the authors did not agree that the right to left
shunt would increase afterload of the left ventricle and re-
duce ejection fraction. They argue that in children with
chronic pressure overload, as in those with aortic stenosis,
ejection fraction tends to be elevated. Therefore, they main-
tained that the reduced left ventricular ejection fraction in
tetralogy of Fallot does suggest impaired global myocardial
function. The point to be made is that in the intact patient
there is no absolute hemodynamic measurement of
contractility.
Approaches to Assessment of Function
Nevertheless, cardiac catheterization and quailtitative an-
giocardiography have provided approaches for evaluating
contractility and performance of the heart on the basis of
measurements of pressures, volumes, flows and dimensions.
Quantitative angiography allows determination of sys-
tolic and diastolic volumes and, thereby. ejection fraction
and cardiac output. As emphasized, a low cardiac output
does not necessarily mean impaired cardiac performance,
but it does reflect an abnormal circulatory state. However,
the additional information of the filling pressure or end-
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diastolic volumes, or both, determined at cardiac catheter-
ization, coupled with the cardiac index does allow inferences
about cardiac performance itself. Thus, a decrease in stroke
volume associated with an increase in end-diastolic pressure
or volume, or both, is a more reliable indicator of myo-
cardial dysfunction than either abnormality alone. The mea-
surement of wall thickness allows calculation of wall stress
which, along with derived evaluation of ventricular com-
pliance, makes the invasive assessment of cardiac perform-
ance more complete.
Derived indexes. Attempts to approXimate the skeletal
muscle force-velocity relations in measuring performance
in patients have led to the derivation of the isovolumic phase
indexes such as the maximal velocity of fiber shortening at
zero load and maximal rate of rise in pressure (dP/dt). Also,
hydrodynamic principles have been extrapolated to the
derivation of such variables as hydraulic power, rate of
change of power and rate of change of power at peak tension.
However, all relate ultimately to measurements of ventric-
ular pressures, volumes and wall thickness.
Measurements of function have also been used in deter-
mining the effect of hemdynamic stress on cardiac perform-
ance. Cardiac response to isotonic exercise, isometric ex-
ercise and pressor drugs that increase afterload are used to
detect and quantitate mild dysfunction and impairment of
myocardial reserve.
Role of noninvasive approaches. Probably the most
exciting and challenging advances in diagnostic cardiology
of the past decade have involved the rapid progress made
in applying these concepts from invasive hemodynamic as-
sessment to the tools of noninvasive cardiology. It is now
possible to measure ventricular ejection fraction, volume
and mass. Indexes of contractility such as shortening frac-
tion, circumferential fiber shortening and systolic time in-
tervals are available. Also, continuous computer analysis
of the whole cardiac cycle allows analysis of systolic and
diastolic phases of cardiac function with insight into im-
portant features such as ventricular compliance. Each non-
invasive method has allowed inferences to be made about
the performance and contractile state of the heart. None,
however, is all encompassing, and among them, much over-
lapping information is obtained,
The task, therefore, of the Conference participants is to
present without proselytizing the capabilities of each method
to make accurate inferences about cardiac function. Keeping
in mind the basics of invasive hemodynamic assessment,
the responsibility of the audience is to critically evaluate
the relative merits of each of these noninvasive tools, and
where there is overlap, to determine the advantages of one
method over another in assessing cardiac function.
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